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INHIBITING OXIDATION OF A EISCHER-TROPSCH 
PRODUCT USING PETROLEUM-DERIVED PRODUCTS 

FDELD OF THE INVENTION 
[0001] The present invention relates to methods of mhibiting oxidation in 
Fischer Tropsch derived products. The present invention also relates to Fischer 
Tropsch derived products containing an effective amount of a petroleum-derived 
hydrocarbonaceous product such that the Fischer Tropsch derived product resists 
oxidation. 

BACKGROUND OF THE INVENTION 
[0002] The majority of combustible fuel used in the world today is derived from 
crude oil. There are several limitations to using crude oil as a fuel source. Crude oil 
is in limited supply; it includes aromatic compounds that may be harmful and 
irritating, and it contains sulfur and nitrogen-containing compounds that can 
adversely affect the environment, for example, by producing acid rain. 
[0003] Combustible liquid fuels can also be prepared from natural gas. This 
preparation involves converting the natural gas, which is mostiy methane, to 
synthesis gas, or syngas, which is a mixture of carbon monoxide and hydrogen. An 
advantage of using products prepared from syngas is that they do not contain 
nitrogen and sulfur and generally do not contain aromatic compounds. Accordingly, 
they have minimal health and environmental impact. 

[0004] Fischer-Tropsch chemistry is typically used to convert the syngas to a 
product stream that includes combustible fuel, among other products. These Fischer 
Tropsch products have very low levels of sulfur, nitrogen, aromatics and 
cycloparaffins. The Fischer Tropsch derived fuels are considered "green fuels" and 
are desirable as environmentally friendly. 

[0005] Although environmentally friendly, these Fischer Tropsch products tend 
to oxidize relatively rapidly when exposed to air. The rapid oxidation may be due to 
a lack natural anti-oxidants, such as sulfur compounds. Further, some of the 
products produced by the Fischer Tropsch process may be waxy, and these products 
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are frequently are shipped at elevated temperature. Shipping at elevated 
temperatures increases the tendency of Fischer Tropsch products to oxidize. 
[0006] Various methods have heen proposed to protect Fischer Tropsch products 
from oxidation during shipping and storage. For example, Berlowitz and Simon of 
Exxon Research and Engineering Company describe in World Patent Application 
Nos. WO 00/1 1 1 16A1 and WO 00/1 1 1 17A1 the blending of a Fischer Tropsch 
derived diesel fuel with high boiling sulfur containing streams, derived fiom gas 
field condensate or hydrotreated streams. Using the approach of Berlowitz and 
Sunon to prevent oxidation adds high-boiling, sulfur-containing compounds to the 
Fischer Tropsch diesel fuel. Thwefore, the products of Berlowitz and Simon 
contain sulfur, which prevents their use as low-sulfiir, environmentally friendly 
fuels. Another undesirable feature of the products of Berlowitz and Simon is that a 
significant portion of the sulfur in those products is in the form of merc^tans 
(RSH). Mercaptans are well known to cause corrosion. Therefore, when shipping 
or storing products treated according to Berlowitz and Simon, coirosion of the large 
storage vessels can be a problem. Corrosion damage may lead to the need for 
eventual replacement of the large, expensive vessels used to ship and store 
hydrocarbonaceous products. 

[0007] Various other well-known antioxidants may be used with Fischer 
Tropsch diesel fuels to prevent oxidation. These well-known antioxidants may 
include phenolic conq)ounds and diphenylamine compounds. However, these 
antioxidants can be expensive when used on a large scale and must be transported to 
the rOTiote site where the Fischer Tropsch diesel fuel is made. 
[0008] There is a need for hydrocarbonaceous products comprising Fischer 
Tropsch derived products that are capable of resistmg oxidation. There is a need for 
efficient and economical methods of inhibiting oxidation of Fischer Tropsch derived 
products. 

SUMMARY OF THE INVENTION 
[0009] The invention relates to hydrocarbonaceous products comprising Fischer 
Tropsch derived products that are capable of resisting oxidation. One aspect of the 
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present invention is a blended hydrocarbonaceous product comprising: a) a Fischer 
Tropsch derived product; and b) an effective amount of a petroleum-derived 
hydrocarbonaceous product such that the blended hydrocarbonaceous product has a 
final peroxide numbCT of less than 5 ppm, preferably less than 3 ppm, and most 
preferably less than 1 ppm after 7 days. A preferred Fischer Tropsch product of the 
present invention has a branching index of less than five, preferably less than four, 
more preferably less than three. 

[001 0] Another aspect of the present invention is a blended hydrocarbonaceous 
product comprising: a) a Fischer Tropsch derived product; b) a petroleum-derived 
hydrocarbonaceous product; and c) an effective amount of an antioxidant selected 
firom the group consisting of phenolic compounds, diphenylamine compounds and 
combinations thereof, such that the blended hydrocarbonaceous product has a final 
peroxide number of less than 5 ppm, preferably less than 3 ppm, and most preferably 
less than 1 ppm after 7 days; and wherein the effective amount of antioxidant in (a) 
and (b) is less than the amount that would be required m (a) alone. A preferred 
Fischer Tropsch product of the present invention has a branching indsK of less than 
five, preferably less than four, more preferably less than three, 
[001 1] An additional aspect of the present invention is a method of inhibiting 
oxidation of a Fischer Tropsch product comprising the steps of: 

a) synthesizing a Fischer Tropsch product by a Fischer Tropsch process; 

b) adding an effective amount of a petroleum-derived 
hydrocarbonaceous product to the Fischer Tropsch product to provide 
a blended product having a final peroxide number of less than 5 ppm, 
preferably less than 3 ppm and most preferably less than 1 ppm after 
7 days; and 

c) mixing the petroleum-derived hydrocarbonaceous product into the 
Fischer Tropsch product. 

[0012] The method may also comprise the step of processing the mixture with 
hydrogen (i.e., hydrotreating, hydrocracking, and hydroisomerization) to remove at 
least a portion of sulfiir and other impurities that originate &om the conventional 
fiiel component after the period in which oxidation is to be prevented. 
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[0013] A further aspect of the present invention is a method of inhibiting 
oxidation of a Fischer Tropsch product comprising the steps of: 

a) synthesizing a Fischer Ttopschproduct by a Fischer Tropsch process; 

b) adding an amount of a petroleum-derived hydrocaibonaceous product 
which contains sulfur to the Fischer Tropsch product; 

c) mixing the petroleum-derived hydrocafbonaceous product into the 
Fischer Tropsch product to provide a blended product; and 

d) processing the blended product with hydrogen to provide a final 
product witti a sulfur content of less than 100 ppm, pref^ably less 
than 10 ppm and most preferably less tiban 1 ppm. 

[0014] The step of processing the blended product may involve any process that 
may be xised to remove at least a portion of sulfur and other impurities that originate 
from the petroleum-derived hydrocarbonaceous component, including for example, 
hydrotreating, hydrocracking, and hydroisomerization. The processing step maybe 
performed after the period in which oxidation is to be prevented and before use of 
the products. 

[0015] A further aspect of the present invention is a method of inhibiting 
oxidation of a Fischer Tropsch product comprising flie steps of: 

a) synthesizing a Fischer Tropsch product by a Fischer Tropsch process; 

b) creating a blended hydrocarbonaceous product by mixing (i) the Fischer 
Tropsch product, (ii) a petroleum-derived hydrocarbonaceous product, and 
(iii) an effective amount of an antioxidant selected from the group consisting 
of phenoUc compounds and diphenylamine compounds such that the 
blended hydrocarbonaceous product has a final peroxide number of less 5 
ppm, preferably less than 3 ppm, and most preferably less than 1 ppm after 7 
days; and wherein the effective amount of antioxidant in (i) and (ii) is less 
than the amount that would be required in (i) alone, 

[0016] The method may also comprise the step of processing the mixture with 
hydrogen (i.e., hydrotreating, hydrocracking, and hydroisomerization) to remove at 
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least a portion of sulfur and other impurities that originate from the conventional 
fiiel component after the period in which oxidation is to be prevented. 

Definitions ; 

[0017] Unless otherwise stated, the following terms used in the specification aud 
claims have the meanings given below: 

[00 1 8] Antioxidant" means any chemical compound fliat reduces the tendency of 
fuels to deteriorate by inhibiting oxidation. 

[001 9] "Branching index" means a numerical index for measuring the average 
number of side chains attached to a main chain of a compoimd. For example, a 
compound that has a branching index of two means a compound havmg a straight 
cham main chain with an average of approxunately two side chains attached thereto. 
The branching index of a product of the present invention may be determined as 
follows. The total number of carbon atoms per molecule is determined. A preferred 
method for making this determination is to estimate the total number of carbon 
atoms from the molecular weight. A prefenred method for determining the molecular 
weight is Vapor Pressure Osmometry following ASTM-2503, provided that the 
vapor pressure of the sample inside the Osmometer at 45°C is less than the vapor 
pressure of toluene. For samples with vapor pressures greater than toluene, the 
molecular weight is preferably measured by benzene freezing point depression. 
Commercial instruments to measure molecular weight by freezing point depression 
are manufactured by Knauer. ASTM D2889 may be used to determine vapor 
pressure. Alternatively, molecular weight may be determined from a ASTM D-2887 
or ASTM D-86 distillation by correlations which compare the boiling points of 
known n-paraffin standards. 

[0020] The firaction of carbon atoms contributmg to each branching type is based 
on the methyl resonances in the carbon KMR spectrum and uses a determination or 
estimation of the number of carbons per molecule. The area counts per carbon is 
determined by dividing the total carbon area by the number of carbons per molecule. 
Defining the area counts per carbon as "A", the contribution for the individual 
branching types is as follows, where each of the areas is divided by area A: 
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2- branches = half the area of methyls at 22,5ppm/A 

3- branches - either the area of 19.1ppm or the area at 1 1.4 ppm (but 
notboth)/A 

4- branches = area of double peaks near 14.0 ppm/A 

4+ branches = area of 19.6 ppm/A minus the 4-branches 
internal ethyl branches = area of 10.8 ppm/A 
The total branches per molecule (i.e. flie branching index) is the sum 
of areas above. 

[0021] For this determination, the NMR spectrum is acquired under the 
following quantitative conditions: 45 degree pulse every 10.8 seconds, decoupler 
gated on during 0.8 sec acquisition. A decoupler duty cycle of 7.4% has been found 
to be low enough to keep unequal Overhauser effects from making a difference in 
resonance intensity. 

[0022] In a specific example, the molecular weight of a Fischer Tropsch Diesel 
Fuel sample, based on the 50% point of 478T and the API gravity of 52.3, was 
calculated to be 240. For a parafiBn with a chemical formula CnH2n+2, this molecular 
weight corresponds to an average number n of 17. 

[0023] The NMR spectrum acquired as described above had the following 
characteristic areas: 

2- branches = half the area of methyl at 22.5ppm/A = 0.30 

3- branches = area of 19, Ippm or 1 1 .4 ppm not both/A = 0.28 

4- branches = area of double peaks near 14.0 ppm/A = 0.32 

4+ branches = area of 19.6 ppm/A minus the 4-branches = 0.14 
internal ethyl branches = area of 10.8 ppm/A = 0.21 
The branching index of this sample was found to be 1.25. 
[0024] *Tischer-Tropsch derived products" mean any hydrocarbonaceous 
products derived from a Fischer Tropsch process. Fischer Tropsch derived products 
include, for example, Fischer Tropsch naphtha, Fischer Tropsch jet fuel, Fischer 
Tropsch diesel fuel, Fischer Tropsch solvent, Fischer Tropsch lube base stock, 
Fischer Tropsch lube base oil, Fischer Tropsch LPG, Fischer Tropsch synthetic 
crude, and mixtures thereof. 
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[0025] "Hydrocarbonaceous" means containing hydrogen and carbon atoms and 
potentially also containing heteroatoms, such as oxygen, sulfur, nitrogen, and the 
like. 

[0026] "Hydrocarbonaceous Product" means any hydrocarbonaceous product, 
including both petroleum-derived hydrocarbonaceous products and Fischer Tropsch 
products. Hydrocarbonaceous products contain hydrogen and caibon atoms and 
may also contain heteroatoms, such as oxygen, sulfur, nitrogen, and the like. 
[0027] *Tara£Gn" means any saturated hydrocarbon compound, i.e., an alkane, 
with the fonnula CnH2n+2. 

[0028] •*Petroleum-Derived Hydrocarbonaceous Product" means any 
hydrocarbonaceous product that is derived from crude oil or conventional petroleum 
products derived from crude oil. Petroleum-derived hydrocarbonaceous products 
contain greater than 1 ppm sulfur. Petroleum-derived hydrocarbonaceous products 
may be derived from, for example, conventional petroleum, conventional diesel fuel, 
conventional solvent, conventional jet fuel, conventional naphtha, conventional lube 
base stock, conventional lube base oil, and mixtures thereof. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
[0029] Hydrocarbonaceous products are typically stored or transported for a 
period of time before use. During storage and/or transport, hydrocarbonaceous 
products may be subject to conditions that promote oxidation. Oxidation during 
transport and storage and prior to use may cause many problems with ultimate use of 
the product. In particular, Fischer Tropsch products tend to oxidize relatively 
rapidly when exposed to air. The present invention relates to antioxidants that meet 
the increased need for effective antioxidants during shipment and storage of Fischer 
Tropsch products. 

Fischer-TroDsch Process 
[0030] Combustible liquid fuels can be prepared from natural gas through 
Fischer Tropsch processes. This preparation involves converting the natural gas. 
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which is mostly methane, to synthesis gas, or syngas, which is a mixture of carbon 
monoxide and hydrogen, 

[003 1] Catalysts and conditions for performing Fischer-Tropsch synthesis are 
well known to those of skill in the art, and are described, for example, in EP 0 921 
184 Al. In the Fischer-Tropsch synthesis process, liquid and gaseous hydrocarbons 
are formed by contacting a synthesis gas (syngas) comprising a mixture of H2 and 
CO with a Fischer-Tropsch catalyst under suitable temperature and pressure reactive 
conditions. The Fischer-Tropsch reaction is typically conducted at temperatures of 
from about 300^ to 700TF (149° to 37rC), preferably from about 400** to 550TF 
(204° to 228°C); pressures of from about 10 to 600 psia, (0.7 to 41 bare), preferably 
30 to 300 psia, (2 to 21 bars) and catalyst space velocities of from about 100 to 
10,000 cc/g/hr., preferably 300 to 3,000 cc/g/hr. 

[0032] The products may range from Ci to C^ch- with a majority in the C5 to 
Cio(H- range. The reaction can be conducted in a variety of reactor types, for 
example, fixed bed reactors containing one or more catalyst beds; slimy reactors; 
fluidized bed reactors; and a combination of different type reactors. Such reaction 
processes and reactors are well known and documented in the literature. Slurry 
Fischer-Tropsch processes, which is a preferred process in the practice of the 
invention, utilize superior heat (and mass) transfer characteristics for the strongly 
exothermic synthesis reaction and are able to produce relatively high molecular 
weight, paraffinic hydrocarbons when using a cobalt catalyst. 
[0033] In a slurry process, a syngas comprising a mixture of H2 and CO is 
bubbled up as a thkd phase through a slurry in a reactor which comprises a 
particulate Fischer-Tropsch type hydrocarbon synthesis catalyst dispersed and 
suspended in a slurry liquid comprising hydrocarbon products of title synthesis 
reaction which are liquid at the reaction conditions. The mole ratio of the hydrogen 
to the carbon monoxide may broadly range from about 0.5 to 4, but is more typically 
wiflun the range of from about 0.7 to 2.75 and preferably from about 0.7 to 2.5. A 
particularly preferred Fischer-Tropsch process is taught in EP 0609079, incoiporated 
herein by reference in its entirety. 
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[0034] Suitable Fischer-Tropsch catalysts comprise one or more Group Vin 
catalytic metals such as Fe, Ni, Co, Ru and Re. Additionally, a suitable catalyst may 
contain a promoter. Thus, a preferred Fischer-Tropsch catalyst comprises effective 
amounts of cobalt and one or more of Re, Ru, Pt, Fe, Ni, Th, Zr, Hf, U, Mg and La 
on a suitable inorganic support material, preferably one which comprises one or 
more rejfractory metal oxides. In general, the amount of cobalt present in the 
catalyst is betv^een about 1 and about 50 weight percent of the total catalyst 
composition. The catalysts can also contain basic oxide promoters such as ThOj, 
LazOa, MgO, and Ti02, promoters such as Z1O2, noble metals (Pt, Pd, Ru, Rh, Os, 
Ir), comage metals (Cu, Ag, Au), and other transition metals such as Fe, Mn, Ni, and 
Re. Support materials including alumina, silica, magnesia and titania or mixtures 
thereof may be used. Preferred supports for cobalt containing catalysts comprise 
titania. Useful catalysts and their preparation are known and illustrative, but non- 
Umiting examples may be found, for example, in U.S. Pat. No. 4,568,663. 
[0035] A preferred FischCT Tropsch product of the present mvention has a 
branching index of less than five, preferably less than four, more preferably less than 
three. Fischer-Tropsch derived products include, for example, Fischer Tropsch 
naphtha, Fischer Tropsch jet fuel, Fischer Tropsch diesel fuel, Fischer Tropsch 
solvent, Fischer Tropsch lube base stock, Fischer Tropsch lube base oil, Fischer 
Tropsch LPG, Fischer Tropsch synthetic crude, and mixtures thereof 
[0036] Fischer Tropsch distillate fuels have excellent burning properties and are 
highly paraffinic. As a class, paraffins are the most biodegradable compounds found 
in petroleum and are preferentially metabolized by microbes. In Fischer Tropsch 
distillate fuels, paraffins are the majority components (greater than 50%) and can 
exceed 70% and even 95%. 

[0037] An advantage of using fuels prepared fix)m syngas is that fliey contain 
essentially no nitrogen and sulfiir and generally contain essentially no aromatic 
compounds. By way of example, Fischer Tropsch distillate fuels typically contain 
less than 1 ppm by weight sulfur. Accordingly, they may have minimal health and 
environmental impact. These Fischer-Tropsch-derived fuels are considered "green 
fuels" and are desirable as environmentally friendly. 
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[003 8] Although sulfur is not environmentally desirable, it may act as a natural 
antioxidant in hydrocarbonaceous products, such as in petroleum-derived 
hydrocarbonaceous products, and inhibit oxidation during shipment and storage. 
Smce Fischer Tropsch products contain essentially no sulfur or any other natural 
antioxidants, Fischer Tropsch products are prone to oxidize. 

Resistance to Oxidation 
[0039] The present invention relates to methods of inhibiting oxidation in 
Fischer Tropsch derived products. 

[0040] In petroleum-derived hydrocaibonaceous products, various components, 
such as aromatics, sulfur, and nitrogen, are present. The sulfur may act as an 
antioxidant, and thus naturally inhibit oxidation in petroleum-derived 
hydrocarbonaceous products. Therefore, when using petroleum derived 
hydrocarbonaceous products, the products may be shipped and stored for a period of 
time without significant oxidation of the product, 

[0041] Petroleum-derived hydrocarbonaceous products contain greater than 1 
ppm sulfur and may be derived fi:om, for example, conventional petroleum, 
conventional diesel fuel, conventional solvent, conventional jet fuel, conventional 
naphtha, conventional lube base stock, conventional lube base oil, and mixtures 
thereof 

[0042] It has been determined that oxidation of Fischer Tropsch products may be 
inhibited by mixing the Fischer Tropsch products with an effective amount of a 
petroleum-dOTved hydrocarbonaceous product. The petroleum-derived 
hydrocarbonaceous products may contain components that act as antioxidants, such 
as sulfur. Therefore, the petroleum-derived hydrocarbonaceous products may act as 
an agent capable of inhibiting oxidation of Fischer Tropsch products when mixed 
with the Fischer Tropsch products. Fischer Tropsch products may be mixed with an 
effective amount of a petroleum-derived hydrocarbonaceous product to provide a 
blended product that resists oxidation. The blended product may be safely stored or 
transported without the use of additional conventional antioxidants (for example, 
phenolic compounds or diphenylamine compoimds) or with the use of much lower 
levels of additional, expensive conventional antioxidants. Phenol type (phenolic) 


-10- 


wo 02/102749 PCT/US02/17131 


oxidation inhibitors include, but are not limited to, such as 4,4 -methylene-bis(2,6- 
di-tert-butylphenol), 4,4'-bis(2,6-di-tert-butylphenol), 4,4'-.bis(2-methyl-6-tert- 
butylphenol), 2,2'-methylene-bis(4-methyl-6-tert-butyl-phenol), 4,4 -butylidene- 
bis(3-methyl-6-tert-butylphenol), 4,4'-isopropylidene-bis(2,6-di-tert-butylphenol), 
2,2*-methylene-bis(4-methyl-6-nonylphenol), 2,2-isobutylidene-bis(4,6- 
dimethylphKiol), 2,2*-methylene-bis(4-me1iiyl-6-cyclohexylphenol), 2,6-di-tert- 
butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,4-dimethyl-6-tert-butyl- 
phenol, 2,6-di-tert-I-dimetiiylamino-p-cresol, 2,6-di-tert-4- 
(NJ^'-dimethyl-aminomethylphenol), 4,4-thiobis(2-methyl-6-tert-butylphenol), 
2,2'-thiobis(4-methyl-6-tert-butylphenol), bis(3-methyM-hydroxy-5-tert- 
butylbenzyl)-sulfide, and bis(3,5-di-tert-butyl-4-hydroxybenzyl). Diphenylamine- 
type oxidation inhibitors mclude, but are not limited to, alkylated diphenylamine, 
phenyl-a-naphthylamine, and alkylated-a-naphthylamine. Mixtures of compounds 
may also be used. Antioxidants are added at below 500 ppm, typically below 200 
ppm, and most typically from 5 to 100 ppm. 

[0043] The blended product may have a final peroxide number of less than 5 
ppm, preferably less than 3 ppm and most preferably less than 1 ppm after 7 days. 
The blended product is tested for stability according to standard procedures for 
measuring the buildup of peroxides according to ASTM D3703-99. ASTM D3703- 
99 covers the determination of peroxide content of aviation-turbine fuels. ASTM 
D3703-99 describes a procedure by which the peroxide number expressed as mg of 
peroxide /kg of sample is determined. In this procedure, a quantity of sample is 
dissolved in l,l,2-trichloro-l,2,2-trifluoroethane. This solution is contacted with 
aqueous potassium iodide solution. The peroxides present are reduced by the 
potassium iodide. An equivalent amount of iodine is liberated, which is titrated with 
sodium tfaiosulfate solution. The results are calculated as milligrams of peroxide per 
kilogram of sample (ppm). The formation of peroxides indicates the onset of 
oxidation and provides a measure of oxidative stability. 
[0044] The formation of peroxides in the sample should be evaluated under 
conditions similar to the intended transportation or storage conditions. Materials 
are typically transported or stored as liquids, and should be tested as such. For 
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materials that have pour points below 25°C, the test temperature is 25^C. For 
materials that have pour points of 25°C or higher, the test temperature is 1 0**C above 
the pour point Pour points are measured by ASTMD 97. Sufficient sample to 
perform the test is place in an open wide mouth bottle and placed in contact with air 
in an oven maintained at the test temperature for the duration of the test The sample 
is removed and portions analyzed for peroxide number, while the remamder of flie 
sample is retumed to the oven. 

[0045] Samples that show an.initial high level of peroxide (above 5 ppm) have 
already been oxidized. These samples should be purified by contact with an 
adsorbent (alumina) to reduce their initial peroxide number to below 1 prior to 
performing the oxidation experiments. 

[0046] An effective amount of petroleum-derived hydrocarbonaceous product to 
be mixed is the amount that inhibits oxidation sufficiently such that the blended 
product has a final peroxide number of less than 5 ppm, preferably less than 3 ppm 
and most preferably less than 1 ppm after 7 days is provided, whm tested as 
described above. 

[0047] The chemical characteristics of the petroleum-derived 
hydrocarbonaceous products to be mixed with the Fischer Tropsch products may 
vary. By way of example, the sulfur contents of petroleum-derived 
hydrocarbonaceous products may vary. Therefore, the effective amount of 
petroleum-derived hydrocarbonaceous product to be mixed may vary accordingly, 
and thus the exact concentration of petroleum-derived hydrocarbonaceous product in 
the resulting blended product will also vary. 

[0048] The blended product should contain greater than 1 ppm sulfur in order to 
exhibit satisfactory oxidation stability. Preferably, flie sulfur content of the blended 
product is as low as possible and still effectively inhibits oxidation. Preferably, the 
sulfur content range of the blended product is greater than 1 ppm and less than 100 
ppm. Since sulfur content of individual petroleum-derived products useful in the 
method of the present invention may vary, the exact concentration of petroleum- 
derived hydrocarbonaceous product in the blended product may also vary and will 
dq)end on the sulfur content of the petrolemn-derived product. 
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[0049] Generally, the petroleum-derived hydrocarbonaceous product may be 
added in a concentration of approximately 10 to 90 wt %, more preferably 10 to 75 
wt %. Most preferably the petroleum-derived hydf ocarbonaceous product may be 
added in a concentration of approximately 10 to 30 wt %. It is preferable to add the 
petroleum-derived hydrocarbonaceous product in as low of a concentration as 
possible and still effectively inhibit oxidation. 

[0050] Petroleum-derived hydrocarbonaceous products are desirable agents for 
inhibiting oxidation in the present invention due to their higji compatibility with 
Fischer Tropsch derived products. Therefore, Fischer Tropsch products may be 
readily blended with a petroleum-derived hydrocarbonaceous product during storage 
and/or transportation to inhibit oxidation. Petroleirni-doived hydrocarbonaceous 
products may be particularly effective in inhibiting oxidation because they reside 
blended in with flie Fischer Tropsch products. Therefore, Fischer Tropsch products 
may be blended with petroleum-derived hydrocarbonaceous products during storage 
and/or transportation to inhibit oxidation. 

[005 1 ] The blended product containing a Fischer Tropsch product and a 
petroleum-derived hydrocarbonaceous product may be safely stored or transported 
without the \ise of additional conventional antioxidants (for example, phenolic 
compounds, diphenylamine compounds, or mixtures thereof) or with the use of 
much lower levels of additional, expensive conventional antioxidants. By way of 
example, the amount of additional, conventional antioxidants to provide a product 
with a final peroxide number of less than 5 ppm, preferably less than 3 ppm and 
most preferably less than 1 ppm after 7 days is less in a blend of a Fischer Tropsch 
product and a petroleum derived product than in a Fisdia: Tropsch product alone. In 
a Fischer Tropsch product alone, significantly greater amounts of conventional 
antioxidants would be required. 

Methods of inhibiting^ oxidation 
[0052] The present invention also relates to mefliods of inhibiting oxidation of a 
Fischer Tropsch product. In one method of the present invention, a Fischer Tropsch 
product is synthesized in a Fischer Tropsch process. The product recovered from a 
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Fischer-Tropsch process may range from C$ to Caen- and may be distributed in one or 
more product fractions. In the Fischer Tropsch process, the desired Fischer Tropsch 
product typically will be isolated by distillation. 

[0053] The products from Fischer-Tropsch reactions perfomed in slurry bed 
reactors generally include a light reaction product and a waxy reaction product. The 
light reaction product (i.e. the condensate fraction) includes hydrocarbons boiling 
below about 700TF (e.g., tail gases throu^ middle distillates), largely in the C5-C20 
range, with decreasing amounts up to about C30. The waxy reaction product (i.e. the 
wax fraction) includes hydrocarbons boiling above 600^ (e.g., vacuum gas oil 
through heavy parafiBns), largely in the C20+ range, with decreasing amoxmts down 
to Cio. Botti the ligiht reaction product and the waxy product are substantially 
paraffinic. The waxy product generally comprises greater than 70% nonnal 
paraffins, and often greater than 80% nonnal paraffins. The light reaction product 
comprises parafiBnic products with a significant proportion of alcohols and olefins. 
In some cases, the light reaction product may comprise as much as 50%, and even 
higher, alcohols and olefins. 

[0054] The product from the Fischer-Tropsch process may be further processed 
using, for example, hydrocracking, hydroisomerization, hydrotreating. Such 
processes crack the larger synthesized molecules into fuel range and lube range 
molecules with more desirable boiling points, pour points, and viscosity index 
properties. Such processes may also saturate oxygenates and olefins to meet tiie 
particular needs of a refiner. These processes are well known in the art and do not 
require further description here. 

[0055] To the Fischer Tropsch product is added an effective amount of a 
petroleum-derived hydrocarbonaceous product to provide a product having a final 
peroxide number of less than 5 ppm, preferably less than 3 ppm, and most preferably 
less than 1 ppm after 7 days. The petroleum-derived hydrocarbonaceous product is 
mixed into the Fischer Tropsch product to provide a blended product. 
[0056] As one of skill in the art would readily understand and be able to devise, 
tiie petroleum-derived hydrocarbonaceous product may be added and mixed into the 
Fischer Tropsch product in a variety of ways. By way of example, the petroleum- 
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derived hydrocarbonaceous product and Fischer Tropsch product may be mixed and 
then pumped into a storage or transportation device. In addition, the petroleum- 
derived hydrocarbonaceous product may be added to an empty storage or 
transportation device and then the Fischer Tropsch product may be added with 
agitation. 

[0057] An effective amount of petrolexrai-derived hydrocarbonaceous product to 
be mixed is the amount that inhibits oxidation sufficiently such that a blended 
product having a final peroxide number of less than S ppm, preferably less than 3 
ppm and most preferably less than 1 ppm after 7 days is provided. The blended 
product is tested for stability according to standard procedures for measuring the 
buildup of peroxides according to ASTM D3703-99, as described previously. The 
formation of peroxides indicates the onset of oxidation and provides a measure of 
oxidative stability. 

[0058] A desirable property of Fischer-Tropsch products is that they contain 
essentially no aromatics or hetaroatoms, such as sulfur and nitrogen. Therefore, 
Fischer-Tropsch liquid products may be used as environmentally friendly green 
fiiels. However, the petroleum derived hydrocarbonaceous products, added to the 
Fischer-Tropsch products to inhibit oxidation, may add impurities, aromatics, and 
unwanted heteroatoms (such as sulfur and nitrogen). Therefore, the resulting 
blended product may contain impurities, aromatics, and unwanted heteroatoms that 
the original Fischer-Tropsch product did not contain. 

[0059] Therefore, after the period in which oxidation is to be prevented and 
before the Fischer-Tropsch liquid products are to be sold/used, it maybe deskable to 
remove or at least reduce the impurities, aromatics, and unwanted heteroatoms (such 
as sulfur, nitrogen, metals). The impurities, aromatics, and heteroatom content may 
be reduced by a number of processes. These processes may include hydrotreating, 
hydrocracking, hydroisomerization, extraction, adsorption, and the like. The 
preferred mettiods are those involving processing with hydrogen (i.e., hydrotreating, 
hydrocracking, and hydroisomerization), with hydrotreating bemg the most 
preferred. 
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[0060] Hydrotreating is a process for removing at least a portion of impurities, 
such as heteroatoms (i,e. sulfur, nitrogen, oxygen) or compounds containing sulfur, 
nitrogen, or oxygen, from a hydrocarbon product mixture. Typical hydrotreating 
conditions vary over a wide range. In general, the overall LHS V (Liquid Hourly 
Space Velocity) is about 0.25 to 2.0 hf\ preferably about 0.5 to 1.0 hr"^ The 
hydrogen partial pressure is greater than 200 psia, preferably rangmg from about 500 
psia to about 2500 psia. Hydrogen re-circulation rates are typically greater ttian 50 
SCF/Bbl, and are preferably between 1000 and 5000 SCF/Bbl. Temperatures range 
from about SOOT to about 750T, preferably ranging from 450T to 600TF. 
[0061] Therefore, the methods of the present invention may also comprise the 
step of processmg the blended final product to remove at least a portion of any 
impurities, aromatics, and heteroatoms (such as sulfur, nitrogen, metals) originating 
from the petroleum derived product. The processing step may involve 
hydrotreating, hydrocracking, hydroisomerization, extraction, adsorption, and the 
like, preferably hydrotreating. After processing to remove at least a portion of any 
impurities, aromatics and heteroatoms (i.e., sulfur), the resulting product preferably 
has a sulfur content of less than 100 ppm, more preferably less than 10 ppm, and 
most preferably less than 1 ppm. 

[0062] If necessary, after the blended final product is processed to remove at 
least a portion of any impurities, aromatics, and heteroatoms (such as sulfur, 
nitrogen, metals) originating from the petroleum derived product to provide a salable 
product, a conventional antioxidant may be incorporated into the salable pxt)duct if 
necessary. By way of example, in the case of a Fischer Tropsch lube base oil, once 
the blended fbaal product is processed, for exoxaplCf hydrotreated, conventional 
antioxidants in the additive, package can be incorporated to provide antioxidant 
protection in a salable product. As one of skill in the art would readily understand, 
similar procedures may be used for Fischer Tropsch diesel fuel and other Fischer 
Tropsch products. 

[0063] In another metfiod of the present invention, a Fischer Tropsch product is 
synthesized in a Fischer Tropsch process. The product recovered from a Fischer- 
Tropsch process may range from C5 to C2CH. and may be distributed in one or more 
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product fractions. In the Fischer Tropsch process, the desired Fischer Tropsch 
product typically will be isolated by distillation, 

[0064] To the Fischer Tropsch product is added an amount of a petroleum- 
derived hydrocarbonaceous product to provide a blended product with a sulfur 
contOTt of greater tban 1 ppm. The petroleum-derived hydrocarbonaceous product is 
mixed into the Fischer Tropsch product to provide a blended product. As one of skill 
in the art would readily understand and be able to devise, the petroleimi-derived 
hydrocarbonaceous product may be added and mixed into the Fischer Tropsch 
product in a variety of ways. By way of example, the petroleum-derived 
hydrocarbonaceous product and Fischer Tropsch product may be mixed and then 
pumped into a storage or transportation device. In addition, the petroleum-derived 
hydrocarbonaceous product may be added to an empty storage or transportation 
device and then the Fischer Tropsch product may be added with agitation. 
[0065] After the p^od in which oxidation is to be prevented and before the 
Fischer-Tropsch products are to be sold/used, the blended product is processed with 
hydrogen to provide a final product with a sulfur content of less than 100 ppm, 
preferably less than 10 ppm and most preferably less than 1 ppm. 
[0066] The step of processing the blended product may involve any process that 
may be used to remove at least a portion of sulfur and other impurities that originate 
froni the petroleum-derived hydrocarbonaceous component, including for example, 
hydrotreating, hydrocracking, and hydroisomerization. The processing step may be 
perfonned after the period in which oxidation is to be prevmted and before use of 
the products. 

[0067] An additional aspect of the present invention is a method of inhibiting 
oxidation of a Fischer Tropsch product comprising synthesizing a Fischer Tropsch 
product by a Fischer Tropsch process. The product recovered from a Fischer- 
Tropsch process may range fi"om C5 to Ciof and may be distributed in one or more 
product firactions. In the Fischer Tropsch process, the desired Fischer Tropsch 
product typically will be isolated by distillation. 

[0068] A blended hydrocarbonaceous product is created by mixing (i) the 
Fischer Tropsch product, (ii) a petroleum-derived hydrocarbonaceous product, and 
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(iii) an effective amoxint of an antioxidant selected from the group consisting of 
phenolic compounds, diphenylamine compounds, and mixtures thereof, such that the 
blended hydrocarbonaceous product has a final p^oxide number of less than 5 ppm, 
preferably less than 3 ppm, and most preferably less ttian 1 ppm after 7 days; and 
wherein the effective amount of antioxidant in (i) and (ii) is less than the amount that 
would be required in (i) alone. As one of skill in the art would readily understand 
and be able to devise, the antioxidant, &e Fischer Tropsch product, and the 
petroleum derived product may be added and mixed in a variety of ways and in any 
order. 

[0069] Aft&c tiie period in which oxidation is to be prevented and before the 
Fischer-Tropsch products are to be sold/used, the blended product may be processed 
to remove at least a portion of any impurities, aromatics, and heteroatoms (such as 
sulfur, nitrogen, metals) originating from the petroleum derived product to provide a 
salable product. The step of processing the blended product may involve any 
process that may be used to remove at least a portion of sulfur and other impurities 
that originate from the petroleum-derived hydrocarbonaceous component, including 
for example, hydrotreating, hydrocracking, and hydroisomerization. The processing 
step may be performed after the period in which oxidation is to be prevented and 
before sale or use of the products. 

EXAMPLES 

[0070] The invention will be further explained by the following illustrative 
examples that are intended to be non-limiting. 

Example 1 

[0071] A hydrocarbon raw material stream at a remote site is obtained from an 
underground reservoir. The stream is separated into a gaseous product and a liquid 
product (crude oil). The gaseous product contains sulfur compounds and in 
particular mercaptans. The mercaptans in the gaseous product are removed by 
caustic, converted to disulfides by oxidation, and separated from the caustic. The 
purified gas stream is converted to synthesis gas and further converted to heavier 
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hydrocarbon products by use of the Fischer Tropsch process. The products from the 
Fischer Tropsch process are blended witii the recovered disulfides to form an 
oxidation-resistant product. Typically this blended product contains more than 1 
ppm sulfur in the form of disulfides. The oxidation-resistant product is then shipped 
to a developed site where the disulfides are separated firom the Fischer Tropsch 
product by distillation. 

Example 2 

[0072] A hydrocarbon raw material stream at a remote site is obtained firom an 
underground reservoir. The stream is sq)arated into a gaseous product and a liquid 
product (crude oil). The gaseous product contains sulfiur compounds and in 
particular mercaptans. The cmde oil also contains sulfiir. The mercaptans in the 
gaseous product are removed by caustic, converted to disulfides by oxidation, and 
separated fix>m the caustic and discarded. The piuified gas stream is converted to 
synthesis gas and fiirther converted to heavier hydrocarbon products by use of the 
Fischer Tropsch process. A diesel fiiel product derived trom the Fischer Tropsch 
process is blended with a diesel fiiel derived firom the recovered crude oil to form an 
oxidation-resistant blended diesel. Typically this blended product contains more 
than 1 ppm sulfiir. The blended product is then shipped to a developed site where 
the sulfiir compounds are removed by hydrotreating. The hydrotreating converts the 
sulfiir compounds into hydrogen sulfide, which is separated firom the blended 
product by distillation. 
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WHAT IS CLAIMED IS: 

1 . A method of inhibiting oxidation of a Fischer Tropsch product 
comprising the steps o£ 

a) synthesizing a Fischer Tropsch product; 

b) adding an effective amount of a petroleum-derived 
hydrocarbonaceous product to provide a blended product having a 
final peroxide number of less than S.ppm after 7 days; and 

c) mixing flie petroleum-derived hydrocarbonaceous product into the 
Fischer Tropsch product to provide ttie blended product. 

2. A method of inhibiting oxidation of a Fischer Tropsch product 
according to claim 1, wherein an effective amoimt of petroleum- 
derived hydrocarbonaceous product is added to provide a blended 
product having a peroxide number of less than 3 ppm after 7 days. 

3. A method of inhibiting oxidation of a Fischer Tropsch product 
according to claim 1, wherein an effective amount of petroleum- 
derived hydrocarbonaceous product is added to provide a blended 
product having a peroxide number of less than 1 ppm after 7 days. 

4. A method according to claim 1, wherein the effective amount of 
petroleum-derived hydrocarbonaceous product is from 10 to 75 wt%. 

5. A method according to claim 4, wherein the effective amount of 
petroleum-derived hydrocarbonaceous product is from 10 to 30 wt%. 

6. A method according to claim 1, wherein flie blended product has a sulftir 
content greater than 1 ppm and less than 100 ppm. 

7. A method according to claim 1, further comprising a step d) processing the 
blended product with hydrogen to remove at least a portion of sulfur and 
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Other impurities that originate firom the petroleum-derived 
hydrocarbonaceous product after the period in which oxidation is to be 
prevented. 

8. A method according to claim 1 , further comprising a step d) hydrotreating 
the blended product to remove at least a portion of sulfur and other 
impurities that origmate from the petroleum-derived hydrocaibonaceous 
product after the period in which oxidation is to be prevented. 

9. A method of inhibiting oxidation of a Figcher Tropsch product comprising 
the steps of: 

a) synthesizing a Fischer Tropsch product; 

b) adding an amount of a petroleum-derived hydrocarbonaceous product 
which contains sulfur to the Fischer Tropsch product; 

c) mixing the petroleum-derived hydrocarbonaceous product into the 
Fischer Tropsch product to provide a blended product; and 

d) processing the blended product with hydrogen to provide a final product 
with a sulfur content of less than 100 ppm. 

10. A method according to claim 9, wherein tihie final product has a sulfur 
content of less than 1 0 ppm. . 

11. A method according to claim 9, wherein the final product has a sulfur 
content of less than 1 ppm. 

12. A method according to claim 9, wherein the processing is performed by 
hydrotreating. 

13. A method of inhibiting oxidation of a Fischer Tropsch product comprising 
the steps of: 

a) synthesizing a Fischer Tropsch product; and 
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b) creating a blended hydrocarbonaceous product by mixing (i) the Fischer 
Tropsch product, (ii) a petroleum-derived hydrocarbonaceous product, 
and (iii) an effective amount of an antioxidant selected from the group 
consisting of phenolic compounds, diphenylamine compounds, and 
combinations thereof, such that the blended hydrocarbonaceous product 
has a final peroxide number of less than S ppm after 7 days; 

wherein the effective amount of antioxidant in (i) and (ii) is less than the 
amount that would be required in (i) alone. 

14. A method of inhibiting oxidation of a Fischer Tropsch product 
according to claim 13, wherein the blended hydrocarbonaceous 
product has a peroxide number of less than 3 ppm after 7 days. 

15. A method of inhibiting oxidation of a Fischer Tropsch product 
according to claim 13, wherein the blended hydrocarbonaceous 
product has a p^xide number of less than 1 ppm after 7 days. 

16. A method according to claim 13, further comprising a step c) processing the 
blended product with hydrogen to remove at least a portion of sulfur and 
other impurities that originate Scorn the petroleum-derived 
hydrocarbonaceous product after the period in which oxidation is to be 
prevented. 

17. A method according to claim 13, fbrther comprising a step c) hydrotreating 
the blended product to remove at least a portion of sulfur and other 
impurities that originate from the petroleum-derived hydrocarbonaceous 
product after the period in which oxidation is to be prevaited. 

18. A blended hydrocarbonaceous product comprising: 

a) a Fischer Tropsch derived product; 

b) a petroleum-dmved hydrocarbonaceous product; and 


-22- 


wo 02/102749 PCT/US02/17131 


c) an effective amount of an antioxidant selected from the group 

consisting of phenolic compounds, diphenylamine compoimds, and 
combinations thereof, such that the blended hydrocarbonaceous 
product has a jSnal peroxide number of less than 5 ppm; 

wherein the effective amount of antioxidant in (a) and (b) is less than the 
amount that would be required in (a) alone. 

19. A blended hydrocarbonaceous product according to claim 1 8 wherein the 
Fischer Tropsch derived product has a branching index of less than five. 

20. A blended hydrocarbonaceous product according to claim 1 8 wherein the 
Fischer Tropsch derived product has a branching mdex of less than three. 

21. A blended hydrocarbonaceous product comprising: 

a) a Fischer Tropsch derived product; and 

b) an effective amount of a petroleum-derived hydrocarbonaceous product 
such that the blended hydrocarbonaceous product has a final peroxide 
number of less than 5 ppm. 

22. ' A blended hydrocarbonaceous product according to claim 21 wherein the 

blended hydrocarbonaceous product has a final peroxide nimiber of less than 
3 ppm after 7 days. 

23. A blended hydrocarbonaceous product according to claim 21 wherein the 
blended hydrocarbonaceous product has a final peroxide number of less than 
1 ppm after 7 days. 

24. A blended hydrocarbonaceous product according to claim 2 1 wherein the 
Fischer Tropsch derived product has a branching index of less than five. 

25. A blended hydrocarbonaceous product according to claim 21 wherein the 
Fischer Tropsch derived product has a branching index of less than thr^e. 
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26. A blended hydrocarbonaceous product produced by the process of Claim 13, 
wherein the product comprises: 

d) a Fischer Tropsch derived product; " 

e) a petroleum-derived hydrocarbonaceous product; and 

£) an effective amount of an antioxidant selected from the group 

consisting of phenoUc compounds, diphenylamine compounds, and 
combinations thereof, such that the blended hydrocarbonaceous 
product has a final peroxide number of less than 5 ppm; 

wherein the effective amount of antioxidant in (a) and (b) is less than the 
amount that would be required in (a) alone. 

27. A blended hydrocarbonaceous product produced according to the process of 
Claim 1, the product comprising: 

a) a Fischer Tropsch derived product; and 

b) an effective amount of a petroleum-derived hydrocarbonaceous product 
such that the blended hydrocarbonaceous product has a final peroxide 
number of less than 5 ppm. 


-24- 


\ 


INTERNATIONAL SEARCH REPORT 

International application No. 
PCT/US02/17131 

A. CLASSEFICATION OF SUBJECT MATTER 

IPC(7) : C07C 7/20, 9/00; CIOM 111/00 

USCL : 585/1. 16; 208/27; 508/561.584; 44/300 
According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Mininnun documentation searched (classification ^stem followed by classification symbols) 
U.S. : 585/1, 16; 208/27; 508/561, 584; 44/300 

Documentation searched other than minimum documentation to the extent that sudi documents are included in the fields searched 
NONE 

Electronic data base consulted during die intemationai search (name of dau base and, where practicable, search terms used) 
EASTBRS search terms: Fischer-Tropsch, antioxidant, oxidation, sulfur content 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category * 

Citation of document, with indication, where appropriate, of the relevant passages 

Relevant to ciahn No. 

Y.P 
Y 

US 6.274.029 Bl (WTTTENBRINK et al) 14 August 2001 (14.08.2001), cohmm 1, line 48 
to column 2. line 5 and column 4, lines 27-38. 

US 6,180,842 Bl (BERLOWITZ et al) 30 January 2001 (30.01.2001), column 1, lines 5-53. 

1-12, 21-25. 27 
1-12. 21-25, 27 

Y 

US 6,162,956 A (BERLOWITZ et al) 19 December 2000 (19.12.2000). column 1, lines 5- 
55. 

US 6.080,301 A (BERLOWITZ et al) 27 June 2000 (27.06.2000), column 1, line 65 to 
colunm 2, line 44 and column 4. line 30 to column 5, line 18. 

US 6,332,974 Bl (WTTTENBRINK et al) 25 December 2001 (25.12.2001). colunm 1. line 
49 to column 2, line 23 and column 4. line 50 to column 5, line 38. 
US 6.103.099 A (WTTTENBRINK et al) 15 August 2000 (15.08.2000), column 1, line 48 to 
colunm 3, line 38 and column 4, line 62 to column 5, line 67. 

US 6,392.108 Bl (O'REAR) 21 May 2002 (21.05.2002), column 2. line 15 to column 3, 
line 42. 

US 6.369,286 Bl (0*REAR) 9 April 2002 (09.04.2002), column 2, lines 1-63. 

M2. 21-25. 27 

Y 
Y.P 

Y 
A.P 
A.P 

1-27 
1-27 
1-27 
1-27 
1-27 

Further documents are listed in the continuation of Box C. 

1 1 See patent family atmex. 


* Special categories of cited documents: 

"A** document defining die general state of the ait wfdch b not consideied to be 
of paitictdar relevance 

"E" earlier application or patent published on or after die international filing date 

"L" document which may throw doubts on pxiority claim(s) or which is cited to 
establish die publication date of anodier citation or odier {pedal reason (as 
specified) 

"0' document referring to an oral disclosure, use, exhibition or odier means 

"P" document published prior to the international filing date but later than the 
priority date claimed 

*T* later document published after the international filing date or priority 
date and not in conflict with die applicadon but cited to understand the 
principle or dieoiy underlying the hivendon 

"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be consideied to involve an inventive step 
when the document is talcea alone 

"Y" document of particular relevance; the claimed faivention cannot be 
considered to involve an inventive step when die document is 
combined wiUi one or more odier such documents, such gnm^^natlftn 
beiiig obvious lo a person ddlled in die art 

document member of the same patent Cudly 

Date of the actual completion of the international search 
11 September 2002 (11.09.2002) 

Date of mailing of the iDtematiQOd||S^ 

2 7 SEP aluZ 

ch report 

Name and mailing address of the ISA/US 

Conunis^aner of Patents and Trademaila 
BoxPCT 

Washmgton. aC. 20231 

FacsimUe No. (703)305-3230 

Authorized officer jQ / 
Marian Knode ^'^''^'^'^^t/^i^x^^ 
Telephone No. (703)308-0661 


Fonn PCT/ISA/210 (second sheet) (July 1998) 


